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© Testing apparatus for engine driven automotive component with feature of precise simulation of 
engine transition state. 
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© a simulation system for an automotive internal 
combustion engine is designed for simulating a tran- 
sition state for varying output torque according to 
variation of the engine driving condition. The system 
comprises a power plant which incorporates rela- 
tively high inertia, and means for compensating high 
inertia for achieving low inertia equivalent to the 
automotive internal combustion engine, an engine 
characteristics generator receiving predetermined 
engine operation parameter simulated data for deriv- 
ing control signal commanding output torque of said 
power plant according to a predetermined engine 
output torque variation characteristics which is set in 
terms of said engine operation parameter simulated 
data, and means, cooperative with said engine char- 
acteristics generator and responsive to a torque vari- 
ation command demanding said output torque from 
a first value to a second value, for setting a predeter- 
mined torque variation characteristics for varying 
said control signal value according to an elapsed 



time so that output torque varies from said first value 
to said second value within a predetermined torque 
variation transition period. 
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TESTING APPARATUS FOR ENGINE DRIVEN AUTOMOTIVE COMPONENT WITH FEATURE OF PRECISE 

SIMULATION OF ENGINE TRANSITION STATE 



BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates generally to a 
testing apparatus for testing performance of vehicu- 
lar component associated with an automotive inter- 
nal combustion engine, such as a power transmis- 
sion, a transaxle, a differential gear assembly and 
so forth. More specifically, the invention relates to a 
testing apparatus which employs high inertia power 
plant, such as an electric motor, a hydrostatic mo- 
tor and so forth. 

Description of the Background Art 

Japanese Patent First (unexamined) Publica- 
tions (Tokkai) Showa 58-38833 and 61-53541 dis- 
close bench testing system for automatic power 
transmission. In the disclosed system, an electric 
motor, a hydrostatic motor and so forth, are em- 
ployed as substitute power plants in plane of an 
automotive internal combustion engine. As can be 
appreciated, because of much higher inertia of the 
electric motor, hydrostatic motor and other sub- 
stitute power plants in comparison with the auto- 
motive internal combustion engines, the substitute 
power plant is combined with speed increasing 
devices. Such automotive engine simulation sys- 
tem is useful for durability test, static characteris- 
tics test and so forth. However, due to substantially 
high inertia moment, it is practically difficult to 
simulate transition characteristics at transmission 
speed ratio shifting and so forth. For instance, the 
electric motor has approximately 10 times higher 
inertia magnitude than that of the automotive en- 
gine. 

For designing automatic power transmissions 
with enhanced shift feeling, reduced shift shock 
and so forth, it is essential to obtain data of transi- 
tion characteristics of power plant to be actually 
combined. 

Therefore, Tokkai Showa 61-53541 as iden- 
tified above, employs strategy of correction of 
command current for the electric motor. With the 
corrected command current, the output torque of 
the electric motor becomes substantially corre- 
sponding to the engine output torque to be output 
in response to a torque demand. Such approach is 
generally successful in avoiding influence of high 
inertia of the high inertia power plant. 

However, due to much higher inertia of the 
substitute power plant, such as the electric motor, 
hydrostatic motor and so forth substituting the 
automotive internal combustion engine than that of 
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the engine, the prior proposed simulation systems 
are not satisfactory as far as simulation of engine 
transition state is concerned. For improving this, 
co-pending U. S. Patent Applications Nos. 

5 07/427,031, filed on October 25, 1989, 436,398 
filed on November 13, 1989, both of which have 
been assigned to the common owner to the 
present invention, propose an engine characteris- 
tics simulation system for use in bench testing 

w apparatus for an automatic power transmission. In 
the prior proposed system, the engine substituting 
power plant, such as the electric motor, is com- 
bined with a speed increasing device for com- 
pensating high inertia of the electric motor and 

75 whereby achieving engine equivalent response 
characteristics in variation of the output torque. 

The simulation system disclosed in the above- 
identified co-pending U. S. Patent Applications are 
successful in general in simulating not only the 

20 engine steady state but also in engine transition 
state. However, in case of the actual automotive 
internal combustion engine, transmission shift feel- 
ing can be affected by various additional factors. 
For instance, active state and inactive state of a 

25 dushpot will cause fluctuation of the engine output 
torque and whereby catafee variation of the output of 
the automatic power transmission. Similarly, the 
presence and absence of idle-up condition may 
cause variation of auxiliary air flow through an 

30 auxiliary air passage to cause variation of the en- 
gine output. As can be appreciated, in order to 
perform precise simulation of engine activity, it is 
required to control operation of the power plant 
depending upon factors affecting for engine output. 

35 

SUMMARY OF THE INVENTION 

In view of the drawback in the prior art, it is an 
object of the present invention to enable precise 
40 simulation of an engine transition characteristics 
according to various engine operational param- 
eters. 

According to one aspect of the invention, a 
simulation system for an automotive internal com- 

45 bustion engine, comprising: 

a power plant which incorporates relatively high 
inertia, and means for compensating high inertia for 
achieving low inertia equivalent to the automotive 
internal combustion engine; 

so an engine characteristics generator receiving pre- 
determined engine operation parameter simulated 
data for deriving control signal commanding output 
torque of the power plant according to a predeter- 
mined engine output torque variation characteristics 

2 
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which is set in terms of the engine operation pa- 
rameter simulated data; and 

means, cooperative with the engine characteristics 
generator and responsive to a torque variation 
command demanding the output torque from a first 
value to a second value, for setting a predeter- 
mined torque variation characteristics for varying 
the control signal value according to an elapsed 
time so that output torque varies from the first 
value to the second value within a predetermined 
torque variation transition period. 

The torque variation characteristics may be 
variable depending upon simulated engine driving 
condition as defined by the predetermined engine 
operation parameter. Preferably, the torque vari- 
ation characteristics setting means sets the torque 
variation characteristics simulating a transition upon 
shifting of an automotive power transmission. In 
such case, the torque variation characteristics set- 
ting means may be active in response to initiation 
of shifting of the automotive power transmission. 
The torque variation characteristics setting means 
may detect shifting of the automotive power trans- 
mission based on variation of ratio of input/output 
revolution speed at the transmission. 

Alternatively, the torque variation characteris- 
tics setting means may detect satisfaction of a 
predetermined shift condition of the automotive 
power transmission and becomes active upon ex- 
piration of a given first period after detection of 
satisfaction of the shift condition and inactive after 
expiration of a given second period after detection 
of satisfaction of the shift condition. In the further 
alternative, the torque variation characteristics set- 
ting means varies torque variation characteristics 
depending upon active state and inactive state of 
idle-up. In such case, the torque variation char- 
acteristics setting means detects satisfaction of a 
predetermined idle-up condition to switch torque 
variation characteristics from a first characteristics 
for idle-up inactive state to a second characteristics 
for idle-up active state. The torque variation char- 
acteristics setting means may be responsive to an 
acceleration and deceleration demand simulated 
data for setting torque variation characteristics for 
simulating torque variation during engine accelerat- 
ing and decelerating transition. 

According to another aspect of the invention, a 
bench testing apparatus for a vehicular component 
driven by an output of an automotive internal com- 
bustion engine, comprises: 

a power plant which incorporates relatively high 
inertia, and means for compensating high inertia for 
achieving low inertia equivalent to the automotive 
internal combustion engine, the power plant being 
drivingly connected to the vehicular component to 
be tested for supplying a driving torque; 
an engine characteristics generator receiving pre- 
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determined engine operation parameter simulated 
data for deriving control signal commanding output 
torque of the power plant according to a predeter- 
mined engine output torque variation characteristics 

5 which is set in terms of the engine operation pa- 
rameter simulated data; and 
means, cooperative with the engine characteristics 
generator and responsive to a torque variation 
command demanding the output torque from a first 

w value to a second value, for setting a predeter- 
mined torque variation characteristics for varying 
the control signal value according to an elapsed 
time so that output torque varies from the first 
value to the second value within a predetermined 

is torque variation transition period. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be understood more 
20 fully from the detailed description given herebelow 
and from the accompanying drawings of the 
present invention, which, however, should not be 
limited to the specific embodiments, but are for 
explanation and understanding only. 
25 In the drawings: 

Fig. 1 is a block diagram of the preferred embodi- 
ment of a bench testing apparatus with an engine 
characteristics generator, according to the inven- 
tion; 

30 Fig. 2 is a flowchart showing first preferred process 
of simulation of engine operation during - engine 
transition state; 

Fig. 3 is a flowchart showing second preferred 
process of simulation of engine operation during 

35 shifting transition of a power transmission; 

Fig. 4 is a flowchart showing third preferred pro- 
cess of simulation of engine operation during shift- 
ing transition of a power transmission; 
Fig. 5 is a flowchart showing fourth preferred pro- 

40 cess of simulation of engine operation depending 
upon idle-up condition; 

Fig. 6 is a chart showing engine output torque 
variation characteristics in the fourth preferred pro- 
cess of simulation of engine operation; 

45 Fig. 7 is a flowchart showing fifth preferred process 
of simulation of engine operation in transition state; 
Fig. 8 is a chart showing relationship between a 
torque output ratio and occurrence; 
Fig. 9 is a chart showing the engine output torque 

50 variation characteristics in the fifth preferred pro- 
cess of simulation of the engine operation; 
Fig. 10 is a flowchart showing sixth preferred pro- 
cess of simulation of engine operation depending 
upon active state and inactive state of dushpot; 

55 Fig. 11 is a chart shov/ing characteristics of dush- 
pot; and 

Fig. 12 is a chart showing the engine output torque 
variation characteristics in the sixth preferred pro- 

3 
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cess of simulation of the engine operation. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENT 

Referring now to the drawings, particularly to 
Fig. 1, there is illustrated a dynamometer for bench 
testing an automotive automatic power transmis- 
sion utilizing the preferred embodiment of an auto- 
motive engine simulation system according to the 
invention. The shown embodiment of the automatic 
power transmission employs a low inertia power 
plant 1. The low inertia power plant 1 comprises a 
direct current motor which is associated with a 
thyristor- Leonard type current control minor loop. 
The direct current motor may be further associated 
with a speed increasing device for compensating 
high inertia of the direct current motor. The motor 
is controlled by current command or torque com- 
mand generated by the thyristor-Leonard type mi- 
nor loop. The low inertia power plant has been 
disclosed in the co-pending in U. S. Patent Ap- 
plication Serial Nos. 07/427,031 filed on October 
25, 1989, and 07/436,298 filed on November 13, 
1989. The disclosure of the above-identified co- 
pending in U. S. Patent Application is herein incor- 
porated by reference for the sake of disclosure. 

The low inertia power plant 1 has an output 
shaft which is connected to an automatic power 
transmission 3 to be tested. Therefore, the auto- 
matic power transmission 3 is driven by the output 
of the low inertia power plant 1 . Output shaft of the 
automatic power transmission 3 is connected to a 
dummy load 5 via a torque meter 4. As the dummy 
load 5, a torque absorbing dynamometer 5 includ- 
ing flywheel is utilized. 

For controlling the low inertia power plant 1, 
the automatic power transmission 3 and the 
dynamometer 5, respectively separate control units 
6, 7 and 8 are provided. For the control unit 6, 
torque command or speed command is applied for 
performing torque or speed control. The control 
unit 6 also receives a torque indicative signal Ti 
representative of the output torque of the low iner- 
tia power plant 1 from the torque meter 2. There- 
fore, the control unit 6 performs feedback control of 
the low inertia power plant by supplying a torque 
control signal which adjusts the output torque to 
reduce the difference between the commanded 
torque indicated in the torque command and the 
actual output torque indicated in the torque indica- 
tive signal Ti . 

The torque command is generated by the pre- 
ferred embodiment of an engine characteristics 
generator 9, according to the invention. The engine 
characteristics generator 9 comprises a micropro- 
cessor based unit. The engine characteristics gen- 
erator 9 is set output torque characteristics in rela- 



tion to a revolution speed N. The output torque 
characteristics are set relative to respective throttle 
valve open angle 6\. Respectively output torque 
characteristics may be set through experiments. 
5 The engine characteristics generator 9 processes 
the throttle valve open angle data 6\ and a revolu- 
tion speed indicative data N which is supplied from 
a revolution speed sensor 10. On the basis of the 
throttle valve open angle data Q\ and a revolution 

w speed indicative data N, the torque command valve 
is derived according to the set output torque char- 
acteristics of Fig. 3. 

It should be appreciated that though the shown 
embodiment employs the throttle valve open angle 

15 data 0j as an engine load indicative data, an intake 
air vacuum pressure can be utilized. 

Fig. 2 is a flowchart showing process of opera- 
tion to be performed by the engine characteristics 
generator 9 for simulating transmission gear ratio 

20 shifting transition. At a step 1001, steady state 
engine driving condition indicative parameter data 
respectively representing an engine speed Ni and 
a throttle valve open angle 0i, are output. Based on 
these steady state engine driving condition indica- 

25 tive parameter data, the torque command T| is 
output from the control unit 6 for controlling low 
inertia power plant 1. Therefore, the low inertia 
power plant 1 is driven at steady state in a con- 
dition defined by the engine speed indicative pa- 

30 rameter data Ni and the throttle valve open angle 
indicative parameter data $i. While the low inertia 
power plant 1 is driven at the steady state, the 
engine characteristics generator 9 monitors vari- 
ation of the output revolution speed Ni of the low 

35 inertia power plant. The engine characteristics gen- 
erator 9 thus checks whether variation of the output 
revolution speed of the low inertia power plant 1 
becomes greater than a predetermined speed ratio 
shifting transition criterion ±AN at a step 1002. If 

40 the output revolution speed variation becomes 
greater than or equal to ±AN, judgement is made 
that the engine is in the shifting transition state. 
Until the engine shifting transition state is detected 
at the step 1002, the steady state engine driving 

45 condition indicative parameter data Ni and e^ is 
maintained constant for driving the low inertia pow- 
er plant 1 in the steady state. On the other hand, if 
the engine shifting transition state is detected at 
the step 1002, the engine characteristics generator 

so 9 outputs a modified torque command Tj' which is 
derived by adding or subtracting a predetermined 
torque variation value AT, which may be set with 
respect to the actual engine speed variation char- 
acteristics in relation to the automatic power trans- 

55 mission to be tested, the magnitude of values of 
the engine speed indicative parameter data Ni and 
the throttle valve open angle indicative parameter 
data fl it instantaneous timing in the shifting transi- 
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tion period, and the transmission speed ratios to 
shifted, to or from the the steady state torque 
command value T|, at a step 1003. Namely, when 
the variation of the output revolution speed is caus- 
ed to decrease the revolution speed which repre- 
sents shifting up of the transmission speed ratio, 
the predetermined torque variation value AT is 
subtracted from the steady state torque command 
value T { . On the other hand, when the output revo- 
lution speed is increased beyond the speed ratio 
shifting transition criterion to represent shifting 
down of the transmission speed ratio, the predeter- 
mined torque variation value AT is added to the 
steady state torque command value Tj. 

After modifying the torque command to T\ at 
the step 1003, the input speed which corresponds 
to the output revolution speed Ni and an output 
speed N 2 of the automatic power transmission 3 is 
cyclically or periodically read out, at a step 1004. 
At the step 1004, a current speed ratio range of the 
automatic power transmission 3 is also read out 
periodically. Based on these read data, input/output 
speed ratio R is arithmetically calculated at a step 
1005 based on the following equation: 



N 2 

R = 



x G 



Ni 



Thereafter, the input/output speed ratio R is com- 
pared with a predetermined input/output speed ra- 
tio criterion R c at a step 1006. When, the 
input/output speed ratio R is smaller than the 
input/output speed ratio criterion R c , judgement is 
made than shifting of the transmission speed ratio 
is not yet complete. In such case, the process, at 
the steps 1003 to 1006 is repeated. On the other 
hand, when the input/output speed ratio R becomes 
greater than or equal to the input/output speed ratio 
criterion R c , then judgement can be made that 
shifting of the transmission speed ratio is com- 
pleted. 

When completion of the transmission speed 
ratio is detected at the step 1006. check is made 
whether driving of the low inertia power plant 1 is 
terminated, at a step 1007. If not process returns 
to the step 1001 to drive the low inertia power plant 
at the steady state. 

As can be appreciated, according to the shown 
embodiment of the process, engine characteristics 
at the automatic power transmission speed ratio 
shifting transition can be successfully simulated. 

Fig. 3 is a flowchart of the second preferred 
process in simulating the engine transition char- 
acteristics. The shown embodiment features detec- 
tion of transmission speed ratio shifting start timing 



and end timing based on the external signal con- 
ditions. Therefore, at a step 1101, steady state 
engine driving condition indicative parameter data 
respectively representing an engine speed Ni and 
s a throttle valve open angle fli. are output. Based on 
these steady state engine driving condition indica- 
tive parameter data, the torque command Tj is 
output from the control unit 6 for controlling low 
inertia power plant 1. Therefore, the low inertia 

70 power plant 1 is driven at steady state in a con- 
dition defined by the engine speed indicative pa- 
rameter data Ni and the throttle valve open angle 
indicative parameter data di. While the low inertia 
power plant 1 is driven at the steady state, signal 

75 states of one or more external signals, such as a 
shifting command for automatic power transmission 
from the control unit 7 or so forth, is checked at a 
step 1102. Until the signal state of the external 
signal indicate the transmission speed ratio shifting 

20 transition state, steps 1101 and 1102 are repeated 
to maintain driving of the low inertia power plant 1 
at steady state. When the signal state varies, trans- 
mission speed ratio shift transition state is detected 
at the step 1102, then check is performed at a step 

25 1103 whether transmission speed ratio shifting is 
actually initiated or not. Monitoring actual shift start 
timing may be done by monitoring variation of the 
output speed Ni of the low inertia power plant 1 as 
discussed in the former preferred process in Fig. 2. 

30 Otherwise, initiation of transmission speed ratio 
shifting may be detected by monitoring variation of 
a transmission operational range indicative signal. 
While initiation of actual initiation of the transmis- 
sion speed ratio shifting, the process of the steps 

35 1101 to 1103 are repeated. On the other hand, 
though the foregoing discussion monitors actual 
operation of the automatic power transmission to 
detect initiation of transmission speed ratio shifting, 
it may also be possible to simply give a predeter- 

40 mined delay time corresponding to lag timing of 
actual initiation of transmission speed ratio shifting 
to make judgment that transmission sped ratio 
shifting is initiated upon expiration of the predeter- 
mined delay time. 

45 When initiation of transmission speed ratio 

shifting is detected at the step 1103, the engine 
characteristics generator 9 outputs a modified 
torque command T{ which is derived by adding or 
subtracting a predetermined torque variation value 

so AT, which may be set with respect to the actual 
engine speed variation characteristics in relation to 
the automatic power transmission to be tested, the 
magnitude of values of the engine speed indicative 
parameter data (Sh and the throttle valve open 

55 angle indicative parameter data 8 t , instantaneous 
timing in the shifting transition period, and the 
transmission speed ratios to shifted, to or from the 
the steady state torque command value T lt at a 
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step 1104. Namely, when the variation of the output 
revolution speed is caused to decrease the revolu- 
tion speed which represents shifting up of the 
transmission speed ratio, the predetermined torque 
variation value AT is subtracted from the steady 
state torque command value T t . On the other hand, 
when the output revolution speed is increased be- 
yond the speed ratio shifting transition criterion to 
represent shifting down of the transmission speed 
ratio, the predetermined torque variation value AT 
is added to the steady state torque command value 
Tj. Upon starting of output of the modified torque 
command Tj* at the step 1103, an elapsed time is 
started to be measured. Measurement of the 
elapsed time is continued until the measured 
elapsed time reaches a predetermined transmis- 
sion speed ratio shifting period. Therefore, at a 
step 1105, the measured elapsed time is compared 
with a predetermined shifting transition period cri- 
terion. Therefore, until the measured elapsed time 
becomes greater than or equal to the predeter- 
mined shifting transition period criterion as checked 
at the step 1104, the process at the step 1104 is 
repeated. When the measured elapsed time 
reaches the shifting transition period criterion, 
check is performed at a step 1105 v/hether driving 
of the low inertia power plant 1 is terminated or not. 
If driving of the inertia power plant 1 is. terminated, 
process goes END and otherwise return to the step 
1101 to drive the low inertia power plant in steady 
state. 

With this process, equivalent advantages of 
precise simulation of engine transition characteris- 
tics can be achieved. 

Fig. 4 shows the third preferred process of the 
engina characteristics simulation to be performed 
in the preferred embodiment of the engine char- 
acteristics generator according to the invention. In 
the shown process features in detection of trans- 
mission speed ratio shifting transition on the basis 
of combination of the inputs for the engine char- 
acteristics generator 9. At the initial step 1201, 
steady state engine driving condition indicative pa- 
rameter data respectively representing an engine 
speed Ni and a throttle valve open angle fli, are 
output. Based on these steady state engine driving 
condition indicative parameter data, the torque 
command T { is output from the control unit 6 for 
controlling low inertia power plant 1 . Therefore, the 
low inertia power plant 1 is driven at steady state in 
a condition defined by the engine speed indicative 
parameter data Ni and the throttle valve open 
angle indicative parameter data e- t . Subsequently, 
at a step 1202, input signals Ni representative of 
the input revolution speed of the automatic power 
transmission, N2 representative of the output revo- 
lution speed of the automatic power transmission, 
and G representative of the selected speed ratio 
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range, are read output. At the step 1202, the check 
is performed v/hether a combination of inputs for 
the engine characteristics generator 9 satisfies a 
predetermined transmission speed ratio shifting 

5 condition. While the combination of the inputs does 
not satisfy the predetermined transmission speed 
ratio shifting condition, the low inertia power plant 1 
is driven at the steady state as controlled through 
the steps of 1201 and 1202. On the other hand, 

70 when the predetermined transmission speed ratio 
shifting condition is satisfies as checked at the step 
1202, the engine characteristics generator 9 out- 
puts a modified torque command Tj' which is de- 
rived by adding or subtracting a predetermined 

15 torque variation value AT, which may be set with 
respect to the actual engine speed variation char- 
acteristics in relation to the automatic power trans- 
mission to be tested, the magnitude of values of 
the engine speed indicative parameter data Ni and 

20 the throttle valve open angle indicative parameter 
data 0\, instantaneous timing in the shifting transi- 
tion period, and the transmission speed ratios to 
shifted, to or from the the steady state torque 
command value T } , at a step 1104. Namely, when 

25 the variation of the output revolution speed is caus- 
ed to decrease the revolution speed which repre- 
sents shifting up of the transmission speed ratio, 
the predetermined torque variation value AT is 
subtracted from the steady state torque command 

30 value T it at a step 1203. On the other hand, when 
the output revolution speed is increased beyond 
the speed ratio shifting transition criterion to repre- 
sent shifting down of the transmission speed ratio, 
the predetermined torque variation value AT is 

35 added to the steady state torque command value 
Ti. 

In the similar manner to that set forth above, 
the engine characteristics generator 9 checks 
whether transmission speed ratio shifting period is 

40 ended by checking whether the combination of the 
inputs thereof satisfies a predetermined transmis- 
sion speed ratio shifting "terminating condition, at a 
step 1204. Until the transmission speed ratio shift- 
ing terminating condition is satisfied, process at the 

45 step 1203 is repeatedly or cyclically performed. 
When satisfaction of the terminating condition is 
detected, check is performed whether the low iner- 
tia power plant 1 is terminated driving or not, at a 
step 1205. If YES, process goes END, and, other- 

50 wise returned to the step 1201 to drive the low 
inertia power plant at the steady state. 

Fig. 5 shows the fourth preferred process to be 
executed by the engine characteristics generator in 
the preferred embodiment of the engine character- 

55 istics simulation system, according to the invention. 
The shown embodiment is directed for simulating 
transition between idle-upactive state and idle-up 
inactive state. 
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In the shown embodiment, steady state engine 
driving parameter indicative data are set at a step 

2001. As can be seen, in the shown embodiment, 
variation characteristics of the torque command are 
set in terms of the revolution speed of the low 
inertial power plant 1 and the throttle valve open 
angle 0o to 9 n as shown in Fig. 6. Then, a pre- 
determined idle-up condition is set and lag time T 2 
from satisfaction of the idle-up condition to actual 
increasing of the revolution speed is set, at a step 

2002. For instance, in the actual automotive engine, 
idle-up becomes active in response to transmission 
operational range selector operation from P - 
(parking) range or N (neutral) range to forward or 
reverse driving range, e.g. D (drive = automatic 
shifting), turning ON of an air conditioner, lower 
battery voltage and so forth. Therefore, the pre- 
determined idle-up condition is set to simulate one 
or more of the idle-up conditions. On the other 
hand, the lag time T 2 may be set in view of the lag 
time of initiation of idle-up state operation from 
satisfaction of the idle-up condition. Then, the 
steady state engine output torque variation char- 
acteristics Qo' at idle-up active state is set at a 
step 2003. Thereafter, torque control is performed 
by producing the torque control command on the 
basis of the steady state engine driving parameter 
indicative data, at a step 2004. At a step 2005, 
check is performed whether driving of the low 
inertia power plant 1 is terminated or not. If YES, 
process goes END. On the other hand, if the low 
inertia power plant 1 continues driving, check is 
performed whether the set idle-up condition is sat- 
isfied or not, at a step 2006. If satisfaction of the 
idle-up condition is detected as checked at the 
step 2006, the throttle valve open angle indicative 
data is checked whether it represents 6o, at a step 
2007. If so, the throttle valve open angle indicative 
data is switched to 0 O * at a step 2008. At this time, 
a delay time corresponding to the lag time T2 set 
at the step 2002 can be provided for simulating 
time lag of effecting of idle-up in the actual engine. 
On the other hand, when the idle-up condition is 
not satisfied as checked at the step 2006, the 
throttle valve open angle indicative data is checked 
whether it represents the modified throttle valve 
open angle Go* at a step 2009. In case that the 
throttle valve open angle indicative data is 00 * as 
checked at the step 2009, the value is switched 
from 0 0 ' to 0o, at a step 2010. 

As can be appreciated, a condition satisfying 
the preset idle-up condition may be supplied as 
simulation signal provided as an external signal. 

Fig. 7 shows the fifth preferred process to be 
executed by the preferred embodiment of the en- 
gine operation simulating system according to the 
present invention. The shown embodiment is de- 
signed for simulating engine accelerating and de- 



celerating transition state in response to variation of 
the throttle valve open angle. It should be appre- 
ciated that though the shown embodiment does not 
illustrate in positive fashion, the steps 1001 in the 

5 first preferred process is performed in the normal 
state for driving the low inertia power plant 1 in the 
steady state. For control steady state driving of the 
low inertia power plant 1, constant values of the 
engine speed indicative data Ni and the throttle 

70 valve open angle indicative signal 0 is provided. 

In order to simulate the engine acceleration 
and deceleration transition state, throttle valve open 
angle indicative data varying the value from an 
initial value Q\ to a modified value 02 is entered at 

75 a step 3001. Then, a predetermined lag time which 
corresponds to an actual lag in accelerating and 
decelerating engine in response to throttle valve 
open angle variation, is given at a step 3002. In 
practice, the lag time may be set for a period 

20 derived experimentarily or structurally in view of 
mechanical lag in the linkage system and so forth. 

After expiration of the preset lag time, the 
engine speed indicative data Ni and an automatic 
power transmission selector range indicative data 

25 are read out at a step 3003. Based on read data, 
the current transmission speed ratio is discrimi- 
nated at a step 3004. Thereafter, torque variation 
transition characteristics is derived by way of map 
look-up in terms of the engine speed indicative 

30 data N1, the selector range, transmission speed 
ratio, the initial and modified throttle valve open 
angle data 0i and 02, at a step 3005. In practice, 
one of a plurality of transition characteristics is 
selected based on the . Then, based on the se- 

35 lected transition characteristics, transition response 
indicative data corresponding to the modified throt- 
tle valve open angle data 02 is derived at a step 
3006. 

After the step 3006, timer for measuring 

40 elapsed time is started at a step 3007. The mea- 
sured elapsed time is utilized for arithmetic opera- 
tion for deriving torque command value. Then, at a 
step 3008, torque command values T n and T 12 at 
the current driving condition defined by the throttle 

45 valve open angle data 0: (N1) and 0 2 (Ni. Then, at 
a step 3009, a torque ratio data k„ is read out. The 
torque ratio data defines torque variation transition 
characteristics defining ratio of torque variation at 
the instantaneous timing during the torque variation 

50 transition period, as shown in Fig. 8. Namely, as 
can be clear from Fig. 8, torque variation rate k n 
varies to k,, k 2l k3 .... depending upon elapsed 
time. In Fig. 8, t max represents predetermined 
torque variation terminating timing. The torque vari- 

55 ation characteristics is so set as to become kmax - 
(100%) at t max . Utilizing the torque variation ratio k n 
at the instantaneous timing, an instantaneous 
torque command value T n is derived from the fol- 
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lowing equation, at a step 3010: 



CTi2 - Tn) ; *n 
100 



Then, at a step 3011, the torque command having 
the value T n is output. Thereafter, a timer value n 
is compared with a timer criterion n max which de- 
fines the maximum torque variation transition pe- 
riod t max in Fig. 8, at a step 3012. When the timer 
value n is smaller than the timer criterion n max as 
checked at the step 3012, judgement is made that 
the current status is still within the torque variation 
transition state. In such case, process returns to 
the step 3008 to repeat operation for periodically 
deriving the torque command value T n . On the 
other hand, when the timer value n becomes great- 
er than or equal to the tiomer criterion n max , judge- 
ment can be made that the torque variation transi- 
tion period is over. In such case, process goes to a 
step 3013 to return the steady state control. 

As can be appreciated, the tporque variation 
transition characteristics can be set in terms of the 
input parameters at the step 3005, precise simula- 
tion of engine acceleration and deceleration transi- 
tion can be done. Namely, as can be seen from 
Fig. 9, output torque variation as illustrated by line 
E which substantially correspond to output torque 
variation in the actual automotive engine during 
engine accelerating transition can be simulated. 

Fig. 10 shows process in the sixth preferred 
process of engine characteristics simulation to be 
performed by the preferred embodiment of the 
engine operating characteristics simulation system 
according to the invention for simulating an auto- 
motive internal combustion engine with a dushpot.. 

At a step 4001, steady state torque command 
is derived on the basis of the steady state input 
data, i.e. engine speed indicative data Ni and the 
throttle valve open angle data 0, and output the 
torque command for driving the lo inertia power 
plant in steady state. Thereafter, an initial throttle 
valve open angle data Q\ and a modified throttle 
valve open angle data 9 2 are input at a step 4002. 
Then, at a step 4003, check is performed whether 
the initial throttle valve open angle data 01 greater 
than the modified throttle valve open angle data 02, 
the initial throttle valve open angle data Q^ is great- 
er than or equal to 0% and the modified throttle 
valve open angle data 0 2 is greater than or equal to 
0%. As can be appreciated, the shown process is 
intended to simulate engine transition state during 
engine deceleration period in response to reduction 
of the throttle valves open angle from Q\ to 02- If 
AND condition of the aforementioned three con- 
dition is not established, process directly goes 



END. On the other hand, when AND condition is 
established as checked at the step 4003, check is 
performed whether the initial throttle valve open 
angle data represents 0% of the throttle valve open 

5 angle, at a step 4004. If so, process also goes to 
END. On the other hand, if the initial throttle valve 
open angle 0i as checked at the step 4004 is 
greater than 0%, check is performed whether the 
modified throttle valve open angle data 02 is great- 

w er than zero at a step 4005. 

When the modified throttle valve open angle 
data 02 as checked at the step 4005 is greater than 
0%, the engine driving condition indicative param- 
eters Nt, 0t and 0 2 are read out at a step 4006 as 

rs engine operating condition simulating data. Further- 
more, at the step 4006, an engine deceleration 
transition characteristics is read out in terms of the 
engine driving condition indicative parameters. The 
characteristics thus derived at the step 4006 cor- 

20 responds to the output torque variation characteris- 
tics as illustrated by line E in Fig. 12. The engine 
deceleration characteristics may be set in terms of 
the initial output speed, the initial and modified 
throttle valve open angles and so forth to define 

25 variation of the output torque from the initial output 
torque corresponding to the initial throttle valve 
open angle 0^ to the modified torque correspond- 
ing to the modified throttle valve open angle 02. 
The engine deceleration transition characteristics 

30 includes torque variation ratios at respective timing 
in the engine deceleration transition period. Such 
torque variation ratio employed in the shown pre- 
ferred process may corresponds to the variation 
ratio k n in the former process of Fig. 7. Utilizing the 

35 engine deceleration transition characteristics de- 
rived at the step 4006, output torque reduction 
(reversal) transition control is performed at a step 
4007 to decrease the output torque toward the 
output torque at the throttle valve open angle 0 2 . 

40 Then, check is performed whether the deceleration 
transition period is over or not at a step 4008. If the 
answer is negative, process of the steps 4006, 
4007 and 4008 are periodically performed until the 
answer at the step 4008 becomes positive. When 

45 the answer at the step 4008 becomes positive, and 
thus judgement can be made that the deceleration 
transition state ends, then steady state control is 
performed at a step 4009. 

On the other hand, when the modified throttle 

so valve open angle data 02 as checked at the step 
4005 is equal to 0%, check is performed whether 
dushpot is active or not at a step 4010. If the 
dushpot is active, a output torque modified accord- 
ing to a predetermined dushpot characteristics as 

55 illustrated in Fig. 11 is output at a step 4011. As 
can be seen, the dushpot characteristics is pro- 
vided as data train simulating characteristics of 
dushpot. In the dushpot characteristics employed 
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in the shown embodiment varies the throttle valve 
open angle from the initial throttle valve open angle 
to a given open angle 02 1 in stepwise fashion and 
subsequently decrease the throttle valve open an- 
gle to minimum open angle Bo in a period T D . After 
the throttle open angle becomes the minimum 
open angle Bo by repeating the process at the 
steps 4011 and 4012, process returns to the steady 
state control at the step 4009. 

On the other hand, if the dushpot as checked 
at the step 4010 is not active, the modified throttle 
valve open angle 9 2 , the input/output speeds Ni 
and N 2 at the input and output of the automatic 
power transmission are read out at a step 4010\ 
Then, check is performed whether the modified 
throttle open angle 62 is greater than the minimum 
open angle Bo, the input speed Ni is greater than 
or equal to a predetermined fuel cut speed criterion 
ni, and the output speed N2 is greater than or 
equal to a predetermined fuel cut speed criterion 
n 2 , at a step 4013. If AND condition set in the step 

4013 is not established, judgement can be made 
that a fuel cut-off condition is not satisfied. There- 
fore, process returns to the steady state control at 
the step 4009. On the other hand, when AND 
condition as checked at the step 4013 is estab- 
lished, fuel cut-off state is simulated at a step 4014. 
Simulation of fuel cut-off state is performed utilizing 
the output torque variation characteristics Bo' in 
Fig. 12. Then, at steps [E]4015 and 4016, fuel 
resume condition is checked. In the shown pro- 
cess, fuel resuming condition is detected on the 
basis of the throttle valve open angle criterion do* 
and the input speed criterion ni of the automatic 
power transmission. Also, fuel resume condition 
may also be simulated by providing external fuel 
resumption command. Therefore, at the step 4015, 
the fuel resuming criteria are read out, or external 
fuel resumption command is read. Then, at the 
step 4016, check is performed whether fuel resum- 
ing condition is satisfied. Namely, fuel resumption 
is determined when the modified throttle open an- 
gle 62 is equal to the throttle valve open angle 
criterion Bo and the input speed Ni is smaller than 
or equal to the input speed criterion ni, or the fuel 
resumption command as the external signal is 
present, as checked at the step 4016. If fuel re- 
sumption is decided at the step 4016, process 
goes to the step 4009 to perform steady state 
control. Otherwise, process returns to the step 

4014 to continue simulation of fuel cut-off state. 

As can be appreciated, with the shown pro- 
cess, engine deceleration transition in various 
modes can be precisely simulated. 

While the present invention has been dis- 
cussed hereabove in terms of the preferred em- 
bodiment of the invention, the invention should be 
appreciated to be restricted for the shown embodi- 



ment. The invention can be embodied in various 
fashion. Therefore, the invention should be inter- 
preted to include all possible embodiments and 
modifications which can be embodies without de- 
5 parting from the principle of the invention set out in 
the appended claims. 
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Claims 



1. A simulation system for an automotive internal 
combustion engine, comprising: 

a power plant which incorporates relatively 
high inertia, and means for compensating high 

75 inertia for achieving low inertia equivalent to 

the automotive internal combustion engine; 
an engine characteristics generator receiving 
predetermined engine operation parameter 
simulated data for deriving control signal com- 

20 manding output torque of said power plant 

according to a predetermined engine output 
torque variation characteristics which is set in 
terms of said engine operation parameter sim- 
ulated data; and 

25 means, cooperative with said engine character- 

istics generator and responsive to a torque 
variation command demanding said output 
torque from a first value to a second value, for 
setting a predetermined torque variation char- 

30 acteristics for varying said control signal value 

according to an elapsed time so that output 
torque varies from said first value to said sec- 
ond value within a predetermined torque vari- 
ation transition period. 

35 

2. A simulation system for an automotive internal 
combustion engine as set forth in claim 1, 
wherein said torque variation characteristics is 
variable depending upon simulated engine 

40 driving condition as defined by said predeter- 

mined engine operation parameter. 

3. A simulation system for an automotive internal 
combustion engine as set forth in claim 1, 

45 wherein said torque variation characteristics 

setting means sets the torque variation char- 
acteristics simulating a transition upon shifting 
of an automotive power transmission. 

50 4. A simulation system for an automotive internal 
combustion engine as set forth in claim 3, 
wherein said torque variation characteristics 
setting means is active in response to initiation 
of shifting of the automotive power transmis- 

55 sion. 

5. A simulation system for an automotive internal 
combustion engine as set forth in claim 4, 
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wherein said torque variation characteristics 
setting means detects shifting of the auto- 
motive power transmission based on variation 
of ratio of input/output revolution speed at the 
transmission. 

6. A simulation system for an automotive internal 
combustion engine as set forth in claim 4, 
wherein said torque variation characteristics 
setting means detects satisfaction of a pre- 
determined shift condition of the automotive 
power transmission and becomes active upon 
expiration of a given first period after detection 
of satisfaction of said shift condition and inac- 
tive after expiration of a given second period 
after detection of satisfaction of said shift con- 
dition. 

7. A simulation system for an automotive internal 
combustion engine as set forth in claim 1, 
wherein said torque variation characteristics 
setting means varies torque variation charac- 
teristics depending upon active state and inac- 
tive state of idle-up. 

8. A simulation system for an automotive internal 
combustion engine as set forth in claim 7, 
wherein said torque variation characteristics 
setting means detects satisfaction of a pre- 
determined idle-up condition to switch torque 
variation characteristics from a first characteris- 
tics for idle-up inactive state to a second char- 
acteristics for idle-up active state. 

9. A simulation system for an automotive internal 
combustion engine as set forth in claim 1, 
wherein said torque variation characteristics 
setting means is responsive to an acceleration 
and deceleration demand simulated data for 
setting torque variation characteristics for sim- 
ulating torque variation during engine accel- 
erating and decelerating transition. 

10. A bench testing apparatus for a vehicular com- 
ponent driven by an output of an automotive 
internal combustion engine, comprising: 

a power plant which incorporates relatively 
high inertia, and means for compensating high 
inertia for achieving low inertia equivalent to 
the automotive internal combustion engine, 
said power plant being drivingly connected to 
said vehicular component to be tested for sup- 
plying a driving torque; 

an engine characteristics generator receiving 
predetermined engine operation parameter 
simulated data for deriving control signal com- 
manding output torque of said power plant 
according to a predetermined engine output 



torque variation characteristics which is set in 
terms of said engine operation parameter sim- 
ulated data; and 

means, cooperative with said engine character- 
5 istics generator and responsive to a torque 

variation command demanding said output 
torque from a first value to a second value, for 
setting a predetermined torque variation char- 
acteristics for varying said control signal value 
io according to an elapsed time so that output 

torque yaries from said first value to said sec- 
ond value within a predetermined torque vari- 
ation transition period. 

15 11. A bench testing apparatus as set forth in claim 
10, wherein said torque variation characteris- 
tics is variable depending upon simulated en- 
gine driving condition as defined by said pre- 
determined engine operation parameter. 

20 

12. A bench testing apparatus as set forth in claim 
10, wherein said torque variation characteris- 
tics setting means sets the torque variation 
characteristics simulating a transition upon 

25 shifting of an automotive power transmission. 

13. A bench testing apparatus as set forth in claim 

12, wherein said torque variation characteris- 
tics setting means is active in response to 

30 initiation of shifting of the automotive power 

transmission. 

14. A bench testing apparatus as set forth in claim 

13, wherein said torque variation characteris- 
35 tics setting means detects shifting of the auto- 
motive power transmission based on variation 
of ratio of input/output revolution speed at the 
transmission. 

40 15. A bench testing apparatus as set forth in claim 
13, wherein said torque variation characteris- 
tics setting means detects satisfaction of a 
predetermined shift condition of the automotive 
power transmission and becomes active upon 

45 expiration of a given first period after detection 

of satisfaction of said shift condition and inac- 
tive after expiration of a given second period 
after detection of satisfaction of said shift con- 
dition. 

50 

16. A bench testing apparatus as set forth in claim 
10, wherein said torque variation characteris- 
tics setting means varies torque variation char- 
acteristics depending upon active state and 

55 inactive state of idle-up. 

17. A bench testing apparatus as set forth in claim 
16. wherein said torque variation characteris- 
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tics setting means detects satisfaction of a 
predetermined idle-up condition to switch 
torque variation characteristics from a first 
characteristics for idle-up inactive state to a 
second characteristics for idle-up active state. 5 

18. a bench testing apparatus as set forth in claim 
10, wherein said torque variation characteris- 
tics setting means is responsive to an accel- 
eration and deceleration demand simulated io 
data for setting torque variation characteristics 
for simulating torque variation during engine 
accelerating and decelerating transition. 

75 
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